ABSTRACT Study design: Data collected from a postutilization questionnaire were used to evaluate the usability of the OfficeSPEC disposable vaginal speculum, specifically the effectiveness, efficiency, and acceptability, in clinical, hospital, and austere environments. Results: Usability data analysis showed the OfficeSPEC speculum had an effectiveness rating of 4.6/5, efficiency rating of 4.5/5, and acceptability rating of 4.6/5; overall usability in deployed environments was favorable. The overall rankings were 3.4 for plastic, 4.2 for metal ( p 0.001), and 4.5 for OfficeSPEC ( p 0.001). Cost analysis of the OfficeSPEC placed the disposable speculum as a reasonable alternative with yearly cost of $129,200, compared to traditional metal ($209,100) and plastic ($319,175). Conclusion: By evaluating the OfficeSPEC speculum within a usability framework, it proved to be practical, viable alternative in all environments, particularly in the forward deployed environment.
INTRODUCTION
The vaginal speculum is the basic tool of any health care provider who performs gynecological examinations. Speculums come in many sizes, are made with a variety of materials, and can have optional features such as light attachments and suction ports. Selection of a specific speculum is largely based on provider preference, but this decision may also be dictated by availability or institutional policy.
Although military physicians perform gynecological examinations no differently than their civilian counterparts, the environment in which these examinations take place can vary and present frequent challenges. Gynecological examinations may take place in a makeshift clinic or room, and electricity for lightning sources was often generator dependent. Thus, in an austere environment, such as a military deployment or humanitarian mission, equipment is often dictated by availability.
The objective of this study was to assess the OfficeSPEC speculum's (OBP Medical, Lawrence, Massachusetts) potential for military applications (Fig. 1) . Specifically, we aim to determine the usability of the OfficeSPEC vaginal speculum using 3 parameters-effectiveness, efficiency, and acceptability 1,2 -in military treatment facilities and forward deployed locations. The Walter Reed Army Medical Center (WRAMC) Institutional Review Board approved the study.
METHODS AND MATERIALS
We developed a prospective observational pilot study to assess the usability and military application of the OfficeSPEC disposable, self-lighted speculum. The OfficeSPEC is a Food and Drug Administration-approved, commercially available, singleuse, disposable vaginal speculum (http://www.obpmedical .com/). Approximately, 150 speculums were donated to WRAMC Department of OB/GYN by OBP Medical for the purpose of this study. The speculums were distributed between providers (OB/GYN nurse practitioners, residents, and staff) at WRAMC and deployed WRAMC staff physicians. Deployed physicians received two boxes of speculums; postage was paid in full by OBP Medical, and the speculums were used at the discretion of the provider. Deployed physicians performed gynecological examinations in combat theaters. Patient encounters were completed within battalion aid stations and Level 2 and 3 echelon medical care facilities.
Providers at WRAMC had speculums available for use in the clinic, inpatient floor consults, or emergency room. Providers who performed routine vaginal examination had the choice of traditional metal speculums, traditional plastic speculums, or the OfficeSPEC speculum. The choice of speculum was left up to each provider. The standard of care for gynecological pelvic examinations was not affected.
Providers completed an anonymous postutilization questionnaire with 12 questions (Table I) . Participants were asked to mark their responses from 0 to 5, along a continuous scale, from Strongly Agree to Strongly Disagree. Providers also indicated the environment in which the examination took place: the clinic, hospital ward, emergency room, a simulated pelvic model, or in a deployed setting. Deployed providers completed the same questionnaire. The data collected were divided into the three categories (as seen in Table I ): Effectiveness, Efficiency, and Acceptability.
Additional information was gathered regarding the average number of speculums conducted a day at WRAMC Gynecology department and the cost of equipment and supplies. A cost analysis was performed using the adjusted unit cost, represented by the cost of a speculum per use, and expenses incurred with the operation of the device, specifically lights, cables, and sterilizations supplies. Data collected for cost analysis were obtained using clinic invoices.
A sample size calculation was done and was based on a continuous response variable from matched pairs of study subjects. If the true difference in the mean response of matched pairs is 0.4, we would need to study 51 pairs of subjects to be able to reject the null hypothesis that this response difference is zero with probability (power) 0.8. The type I error probability associated with this test of this null hypothesis is 0.05.
Metal speculums analyzed using an amortization over the life of the metal speculum projected to be 5 years (and 2.5 years for the light cable used with the plastic speculums). Statistical analysis was performed using SPSS for Windows, Version 16.0 (SPSS, Chicago, Illinois; 2007).
RESULTS
A total of 78 questionnaires were returned. Surveyed providers included staff physicians, residents, and nurse practitioners. The authors did not participate in this study. The OfficeSPEC speculum was made available to providers at WRAMC, and 31 encounters were evaluated in an austere deployed environment. Table II shows the demographic breakdown of all 78 surveys; 40% were in a deployed environment and 60% in the hospital/clinic. 62% were staff level and 38% were residents. 45% had prior experience working in austere (deployed) environments, whereas 55% did not. Figure 2 represents the Effectiveness data. Responses were scored from 0 to 5 on a continuous scale; 5 indicating a response of Strongly Agree and 0 Strongly Disagree. The red line indicated a favorable response and was arbitrarily set at 4 (80%). The respective mean scores from each question were Q2 = 4.5 (±0.7), Q3 = 4.3 (±1.1), Q5 = 5.0 (±1.5), and Q7 = 4.7 (±0.8).
Figure 3 reflects the average Efficiency rating of the OfficeSPEC speculum. Overall, the OfficeSPEC speculum has a favorable efficiency rating. The respective mean scores from each question were Q1 = 4.6 (±0.5), Q4 = 4.6 (±0.6), and Q6 = 4.2 (±1.0).
The final aspect of usability, the Acceptability of the OfficeSPEC speculum, is depicted in Figure 4 . Once again, the rating is favorable. The respective mean scores from each question were Q8 = 4.8 (±0.8), Q9 = 4.6 (±1.3), Q10 = 4.6 (±1.3), Q11 = 4.5 (±0.6), and Q12 = 4.6 (±0.7).
The participant's preferential ranking of the plastic, metal, and OfficeSPEC speculums, results of which are found in Figure 5 , assessed overall product satisfaction. The respective mean scores from each question were plastic = 3.4 (±1.4), metal = 4.2 (±0.9), and OfficeSPEC = 4.5 (±0.7). The comparison identified a statistically significant difference using plastic as the reference, comparing metal (p 0.001) and OfficeSPEC (p 0.001).
Cost Analysis
The military health care program does not operate on a revenue-generating model like the civilian sector; however, costs are still incurred and must be constantly scrutinized. A cost analysis was performed within the confines of the military health care system (Table III) . The unit cost of each speculum, the average number of metal speculums used per day at Walter Reed GYN clinic and the required supplies such as light sources, disposable plastic sleeves, and light bulbs were amortized across a presumed life span of 5 years for a metal speculum. In large tertiary hospitals such as Walter Reed, it is difficult to assess the cost of sterilization of just speculums; therefore, we used published data from the United Kingdom for sterilization costs. 2 Once again, the cost of equipment is amortized over 5 years.
The adjusted unit cost represents the cost of the speculum per use plus expenses incurred with the operation of the device, amortization over the life of the metal speculum, projected to be 5 years (and 2.5 years for the light cable used with the plastic speculums). The adjusted cost of the metal speculum is $4.92, the plastic speculum is $7.51, and the OfficeSPEC is $3.04. The daily sterilization cost of metal speculums is $27.20, a cost not incurred with plastic or OfficeSPEC. Overall, the cost analysis is favorable for the OfficeSPEC.
DISCUSSION
Performing gynecological examinations in an austere environment, such as a military deployment or humanitarian medical mission, or even a natural disaster, can present unique challenges. Obstacles to overcome as cited by providers can include lack of adequate lighting, lack of sterilization equipment or supplies, or even basic requirements such as reliable electricity. Deployed physicians cite cramped examination rooms and lack of proper lighting as factors most often contributing to inadequate gynecological examinations.
When utilizing the OfficeSPEC speculum in an austere environment, many of the limiting factors confounding adequate gynecological examinations were eliminated. The light source is self-contained in the handle of the light, therefore eliminating the need for external lighting. Sterilization equipment and supplies are not needed, as the speculum is single use and can be disposed with other medical waste. Faulty generators or unreliable electricity sources do not affect or limit the quality of lighting. By evaluating the OfficeSPEC within a usability framework, we were able to determine the single-use, disposable speculum that met all criteria (effectiveness, efficiency, and acceptability) for being a valid alternative to the traditional metal and plastic speculums. Analysis of staff versus resident responses was not significant, and neither was comparing responses from providers who have experience in an austere environment from those who do not.
The cost analysis revealed the single-use disposable nature of the OfficeSPEC speculum provides a reasonable replacement for the traditional metal speculum and plastic counterpart when taking into consideration the cost of lighting, sterilization, supplies, and cost of replacing metal speculums.
Disposal costs and environmental concerns arise whenever medical waste is created. Regardless of the type of speculum selected by providers, medical waste can be expected. Whether it is in the form of chemicals for disinfection and excess secondary packaging for the metal speculum or single-use plastic disposal, all speculums must be properly disposed of. None of the speculums studied are without associated disposal costs and environmental concerns.
The OfficeSPEC speculum appears to be a practical, viable alternative in all environments. Providers performing gynecological examinations in austere environments may benefit by opting for the OfficeSPEC speculum versus the traditional metal or plastic speculums. Also, when considering the cost of this system versus the entire cost of traditional speculums, the OfficeSPEC is competitive. The OfficeSPEC speculum is shown to be effective, efficient, and acceptable.
